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INTRODUCTION 
According to MCAtee (1918), Mabbott (1920), Martin and Uhler (1939) 
and other leading waterfowl food habit authorities, sago pondweed (Pot-
amogeton pectinatus) is one of the most important waterfowl food plants 
in the United States. The seeds, vegetative leaves and stems, and the 
tubers of this plant are aPRarently sought by waterfowl. 
On tre open water areas or units of the Bear River Migratory Bird 
Refuge dense growths of this plant occur. With such an abundance of this 
plant on the refuge more should be known about the total production and 
how important it is as food for local and migrating waterfowl. If the 
present growth exceeqs the demands made upon it by the waterfowl perhaps 
some of the areas now growing this plant could be changed to increase 
nesting habitat, produce other food plant species or be put to some other 
use. If the plant is fully utilized as a food source in this area, the 
crop should be maintained or even increased. 
To answer these and other questions this study was undertaken during 
1962 and 1963. The ~pecific objectives of this study were to determine: 
1. The annual production of sago pondweed (Potamogeton Eectinatus) 
on the Bear River Migratory Bird Refuge . 
2. Important physical and chemical factors that influence the 
growth of this plant. 
3~ The extent to which sago pondweed is utilized by' waterfowl in 
this area. 
DESCRIPTION OF STUDY AREAS 
This study was conducted on two adjacent but separate marshlands, 
(a) the Bear River Migratory Bird Refuge and (b) the Bear River Club 
Company. 
~ River Migratory ~ Refu~e 
2 
Most of this study was conducted on the marshland of the Bear River 
Migratory B:ird Refuge, located 1.5 miles west of Brigham City, Utah (Fig. 1). 
The refuge is on the delta of the Bear River, where it enters the Great 
Salt Lake. 
The area supports a variety of plant growth. Marsh vegetation con-
sists of alkali bulrush (Scirpus paludosus), hardstem bulrush (Scirpus 
acutus), saltgrass (Distichlis stricta), cattail (Typha sPP.) and common 
reed (Phragmites communis). Dominant aquatic plants are sago pondweed 
(Potamo~eton pectinatus) and widgeon grass (Ruppia maritima) while horn-
ed pondweed (Zarmichellia palustris), coontail (Ceratophyllum demersum) 
and muskgrass (Chara sPP.) are less abundant (Jensen, 1940). 
The marsh soils at the Bear River Refuge are principally clays and 
sandy clays (Jensen, 1940). Silt and occasional accumulations of sand 
are also found throughout the area. 
The refuge receives most of its water from the Bear River. Although 
this water is considered fresh, the conductance readings taken to deter-
mine water salinity are high, ranging from 2:',000 to 6,000 parts per mil-
lion. Christensen (1962) states that the relatively high conductance of 
the water during most o~ the season at the Bear River Refuge is due to 
3 
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Figure 1. Location of the Bear River Migratory Bird Refuge. 
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the high salinity of Bear River water below the confluence with Salt Creek 
and Malad River, which enter above Corinne. These two streams have a much 
higher conductance than does Bear River above the confluence, and they 
account for most of the flow of the river during the summer. During the 
years 1959, 1960 and 1961, when conductance readings have been made, there 
has been relatively little water passing through the power plant at Cutler 
Dam during the irrigation season. Most of the wa,ter in the Bear River be-
low Corinne therefore repr~sents return flow to the river below Outler Dam, 
together with inflow from Malad River and other small streams. These 
tributaries have salt contents ranging from 8,000 to 10,000 parts per mil-
lion. 
'1'he refuge supports abundant bird life. At least 184 species of 
birds haw been observed sinoe the establishment of the refuge in 1928. 
Although mmy smrs birds oocupy the area, the largest portion of the bird 
population is oompo.ed of waterfowl~ In the early fall the refuge is 
host W 1 to 2 million water.fowl. Among them i~ one of the largest oon ... 
c~ntrat1one of whistling .wan to be found in the United States) flooks 
wta11.ng 15,000 .freq1Wntly are seem. Thouaanda of Canada and anow geese 
vuit tlw Nfug§ duv1n.g migration. NWMrQUS IIp(!Joien of ducks rel!l1d.e i.n 
w p&UI through th§ area. 
1'h§ area hal a rioh and oolorful hintory. !lehlo (1958) (l1vtHl a ~od 
M OMtnt §t th1~ h1~tory and th1; IilOut'OO WAI @xt~mIll1v;ly usod in prep3l'l!-
ti~ 01 t~ £ollcw1ng br1§£ h1~tory of t~ gr;A. 
Th§ h1~torr §t th1; ~~A 11 ,rioh with It~ri~; or 1t~ ~bundgnt bir d 
U£§ , :B~hl§; '(19'S', qu§tinl John C. Fr.~mcinf ; d~jeri~~d , tn~fl}>,1rd lih (} f th.~ ~ru.: 
Th§ whol§ ffl§%'A~~ WAD An1mAt~d with multitud~~ or w~t~rrowl. whi oh 
~C'§d -w btl v~ry w1ld--....:-iming for tht; IJflMO or A mi.l~ round 
ib§ut At th§ m§un4 ~f A gun, with A fioilJ~ lik~ tho dibtlnt f'Ogr 
§£ t htU1dm' , 
In Howard1 S'tanbury' s governmental survey of the Great Sal t Lake an 
account of his ,(is it. to the Bear River marshes is- given. Behle (-1958) 
quoting Mr. Stanbury wrote : 
The Salt Lake, which lay about a half mile to the eastward was 
covered by imn:enee flocks of wild geese and ducks, among which 
many swans were seen. I had seen large flocks of these birds be-
fore, in various parts of the country, and especially on the Poto-
mac, but never had I beheld anything like the immense numbers here 
congregated together. Thousands of acres, as far as the eye could 
reach, seemed literally covered with them. 
Shortly after the turn of the century the bird life of this area suf-
fered a severe setback. Apparently because of the drought, much of the 
marsh vanished and barren, mud flats with stagnant pools of alkaline water 
took its place. The malady of ducks, known as Western Duck Sickness (Bot-
ulism) beca.IlB rampant in the area. It is estimated that between 1910 and 
1925 seven million ducks died on the Bear River marshes from this disease. 
The American people became aroused as to the seriousness of the sit-
uation and the United States Biological Survey sent agents to investigate 
the nor tali ty. Alexander Wetmore spe nt three summers in the area studying 
this disease. While there, he could see the potential of this area as a 
possible site for a refuge and in all of his reports he expressed this 
opinion. Finally, in 1928, an act of Congress authorized the establish-
ment of the area as a refuge. The area, conSisting of 64,255 acres, be-
came a full-fledged refuge on October 1, 1932. 
Early st&ges of construction consisted of builqing a system of dikes. 
An outer dike, 20 miles in length, was constructed not only to impound the 
fresh water of the Bear River but to keep out the brine of Salt Lake. An 
additional 9 miles of cr~ss dikes divide the interior marsh into five units, 
containing approximately 5,000 acres each. 
The refuge provides a valuable area for research on waterfowl dis-
eases, ecological studies, a good habitat for birds and an ideal resting 
6 
place fer thousands of water and shore birds that pass through the region 
in th e spr ing and fall. 
Today, 1964, this refuge is administered by the Bureau of Sport 
Fisheries and Wildlife of the United States Fish and Wildlife Service and 
is one of the largest migratory bird refuges in the world. 
~ River Club Company 
Part of this study was conducted on the marshes of the Bear River 
Club Company, located about 14 miles west of Brigham City and adjacent 
to the east side of the Bear River Migratory Bird Refuge. By construct-
ing a dike and water control system, the Club has been able to inundate 
several thousand acres . The main sources of water for this marsh are the 
Malad and Bear rivers . The Club is able to regulate water levels and, 
even in the driest seasons, the marsh water level remains fairly con-
stant. 
A phase of this study was conducted in Brownlee Bay of the Club 
marsh (Fig. 2) . Enclosures used by Robel (1962) were used in this study. 
The water depth in this area remains about 12 inches during the entire 
summer . The soil is mostly sandy clay. Sago pondweed (Potamogeton ~­
tinatus) is the most abundant submersed plant in the area . Muskgrass 
(~ spp.), horned pondweed (Zannichellia palustris) and coontail 
(~ratophyllum demersum) are also found in the study site. 
Figure 2. Study area on the 
Bear River Club Company 
marsh. Shaded area is 
emergent vegetation; unshaded 
is open water. 
Scale: 1 inch = t mile 
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REVIEW OF LITERATURE 
Production 
Many studies have been conducted throughout the United States to 
determine the pro~uction of aquatic vegetation of various lakes and bays . 
These studies usually include all of the aquatic plant species found in 
the area rather than limiting it to one particular species. The classic 
lake study conducted by Richett (1922 ) on Lake Mendota in Wisconsin seems 
to have set a pattern for other studies in establishing methods and pro-
cedures . His system of transect establishment and sampling sites has 
been extensively used. 
Some variations have developed in the m~thods of collecting aquatic 
vegetation. Since most of the studies were conducted in deep water , 
methods had to be developed fo r deep water work. Richet t (1922) used a 
square frame of galvanized iron of known dimensions . This frame was 
lowered to the lake bottom and all vegetation lying within it was collect-
ed . In water not more than 2 meters deep he reached the plants by swim-
ming and, in deeper water, used a diving hood . Wilson (1937) used a 
dredge which not only collected the vegetation but secured a soil sample 
at the same time . Hunt (1963) used a Peterson dredge in a similar man-
ner . 
Shallow water collections require less effort than do those made in 
deep water . In shallow water Low and Bellrose (1944) gathered the plants 
by hand . Jensen (1940) worked in the shallow water of the Bear River Ref-
uge . He used a can which covered an area of 1 square foot . This can was 
lowered to the bottom and the vegetation collections were made by hand . 
Sincock (1963) and Hunt (1963) used a dredge extensively in col-
lecting soil samples and in sampling for tuber production. The soil 
taken from the dredge was sifted through wire mesh screens and the re-
maining tubers were easily counted. 
9 
Several methods have been employed for making seed or seedhead 
counts. Sincock (1963) used scuba diving equipment in the deep waters of 
Back Bay. He collected plants while swimming beneath the water surface 
to avoid bias in making his seed collections. Low and Bellrose (1944) 
used a lath-like wooden frame, 1 meter square, subdivided into quarters 
by string. This frame was tossed at random at a sampling site and the 
number of seedheads lying within the frame was counted and recorded. 
The final production figures per sample area or per total area of 
these studies have not been given in this report for several reasons. 
The majority of the studies cited were conducted in deep lakes or bays. 
This study was oonducted in shallow water, never exceeding 3 feet in depth. 
Comparison of production figures from the two areas would be of little 
value. The only available information concerning seedhead production was 
expressed in terms of volume while in this study total numbers and weights 
were used. A conversion from one measurement term to the other was not 
possible. 
In most of the studies other factors such as soil type, salinity, 
turbidity, pH, water chemistry, etc., were investigated in an attempt to 
determine the effects they might have on the growth of aquatic plants. 
Soil types have received much attention. Moyle (1945), McAtee (1911), 
Low and Bellrose (1944) and Metcalf (1931) indicate that light clay, 
sand and silt soils are the best for sago pondweed growth . Jensen (1940) 
indicates that soils at the Bear River Refuge may be the determining fac-
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tor in the distribution of sago pondweed in that area. 
Soil salinities have been closely studied. Jensen (1940) deter-
mined tl:e soil salinities at various depths and at various locations· on 
the Bear River Refuge. Nelson (1955) studied the soil salinities at Ogden 
B~ Refuge. Teeter (1963) showed that tubers had their best growth in 
soils with sodium chloride concentrations of 3,000 parts per million. 
Bourn (1935) measured marsh soil salinities in attempting to determine 
salt tolerances of vndgeon grass (Ruppia maritima) . 
Metcalf (1931) and Chamberlain (1948) investig~ted water salinities 
and the tolerance of sago pondweed to the same . Teeter (1963) completed 
a greenhouse study on the salinity tolerances of sago pondweed. He found 
that the optimum water salinity for seed ge~ination was 166 parts per 
million sodium chloride . Any concentration over 6,000 p .p .m. retarded 
seed germination. Tubers developed best in concentrations near 3,000 
p .p .m.. Concentrations above 12,000 p .p .m. produced littJe vegetative 
growth from the tubers . Best vegetative growth occUrred at low salt con-
centrations. 
Turbidity seems to be an important factor in regulating the growth of 
aquatic plants. Chamberlain (1948) states that turbidity was found to be 
correlated with the quantity of submerged aquatic growth, the better areas 
being less turbid . Christensen (1938) indicates that turbidity is an im-
portant factor in the growth of water plants . Bourn (1915) determined 
how much light was necessary for growth of certain aquatic plants. 
Water depth also affects plant growth . Jensen (1940), citing an un-
published manuscript of Piranians, states th~t the amount of vegetation 
yielded by certain study quadrats was conditioned by water depths o He 
showed that the soils which had a depth of water ~rom approximately 8 to 
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18 inches were more proJuctive and that decreased yields were obtained in 
mor e shallow water s • 
Other factors , in addition to those mentioned, have received atten-
tion in aquatic plant studies . 
utilization 
The importance of sago pondweed as a waterfowl food plant is recog-
nized by many leading waterfowl food habit authorities. Martin and Uhler 
(1939) indicate that it is probably t he most important single waterfowl 
food plant on the North American continent. According to Jepson (1905 ), 
McAtee (1911), Wetmore (1921), Christensen (1938) and Moyle (1945 ) all 
vegetat ive parts , the tubers, rhizomes, stems and leaves, and seeds, are 
readily consumed by waterfowl. Wetmore (1921) states that on t he marshes 
of the Bear River the ducks dig great "duck holes" i n the mud, 1 to 20 
feet wide and from a few inches t o a food in depth, in search of the suc-
culent tubers . Nelson (1955, page 80), in writing ab ou t the Ogden Bay 
Refuge , states: 
Ducks and swans make extensive use of the sago pondweed beds of the 
area . In thei r searc h for tubers , numerous small holes 2 to 6 
inches deep and 2 t o 3 feet in diameter are excavated in the mud 
bottoms of the lakes. Ducks excavate t he se hole s in shallow water 
areas while swans utilize the deeper water areas . 
Mabbott (1920) found , from detailed stomach analyses , that this plant was 
part of the diet of most all of the dabbler or pond ducks . Kortright 
(1953) indicates that it also makes up an important part of the food of 
many of the diver ducks . Swans feed extensively on this plant according 
to Sherwood (1958) . 
The conclusions of the numerous food habit studies are usually of a 
general nature . They are applied to the country as a whole or to a large 
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regional division . The over-all picture of these studies indicates that 
sago pondweed is important throughout the United States. Some investi-
gators have found, however, that for a specific area, sago poncweed is 
not as important a food plant as it is given credit as being. In a 
search of the available literature it is possible to find pros and cons 
as to the true value of sago pondweed. It seems that citing these refer-
ences is unimportant . A general statement that sago pondweed is important 
for the country as a 'whole is certainly valid but to say that it is impor-
tant for a specific area may not be a true statement. Before making such 
a statement a detailed food habit study of that particular area would be 
necessary. 
Although extensive work has been done on food habits of waterfowl, 
little has been done to determine how much of a total crop is actually 
used by waterfowl. Numerous food habit studies could be cited but they 
usually just conclude that certain types of food make up certain percent-
age volumes and frecpencies of the total consumption by a waterfowl 
population. 
Sincock (1963) is one of the first to attempt to determine the actual 
consumption of aquatic vegetation by a population of wintering waterfowl . 
To estimate t he amounts 0 f each food consumed by a waterfowl population 
it was necessary to know the avercge amount of food consumed by each 
individual of each waterfowl species per day, the size of the population 
of each species, its tenure in the area of concern, and the relative 
percentage of each food eaten by each major species in the population . 
It was also necessary to know the total production of aquatic plants in 
the area being studjed. He found that the average percentage consumption 
of the standing crop of all submerged aquatics varied from 17.6 to 24 .2 
percent duri ng a 4-year period and averaged 19 . 9 percent. It was 
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estimated that the waterfowl population consumed about. 9.2 percent of the 
standing crop 0 f sago pondweed . 
METHODS AND PROCEDURES 
This study was divided into two main areas of investigation, (a) 
production and factors affecting growth and (b) waterfowl utilization 
of sago pondweed (Potamogeton pectinatus). 
Production 
To determine the total production of sago pondweed of the Bear !liver 
Migratory Bird Refuge, 30 transects were randomly selected and establish-
ad in the open water areas or units of the refuge. Each of the five 
/ 
units contained six transects (Fig. 3). Each transect began at the deep-
est end of Each unit, usually long the south dike, and extended across 
the unit to the more sha+low area, usually at the north end. 
Along each transect 1$ checkpoints were randomly established at in-
tervals of from 1$0 to 200 yards. Wooden lath and steel fence posts with 
r ed flag~ attached served to mark each checkpoint. Each checkpoint mark-
ed the area in which various samples were taken. 
Tubers 
To facilitate sampling the s~go ponqweed tubers and for collecting 
soi l samples, a cylinder core device was developed (Fig . 4). This metal 
cylinder, 4 inches in diameter and 4 feet in length, was sharpened at one 
end t o make soil penetration easier. A long plunger with an air-water 
tight leather washer was inserted into the opposite end of the tube. The 
tube was then forced into the marsh soil until it struck the calcium 
Uhardpan" that is so prevalent in the marsh. By pulling up on the plunger 
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Figure 4. Core sampler developed for collecting soil samples and tuber 
data. 
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a partialv-acuum was created inside the tube. 'I'his vacuum was sufficient 
to hold. the soil sample in the tube until it was withdrawn from the marsh 
for examination. 
The sampling period for tubers began in late March, 1963 . During 
this time four samples were taken at each checkpoint, making a total of 
1800 samples fo r the refuge area . Each soil core was taken from the core 
sampler and placed on the flat bow of the boat . The soil core was cut 
into 2-inch sections, each section corresponding to a level of soil depth, 
the upper 2-inch section being the 2-inch soil depth , the next section mak-
ing up the 3-L inch depth and so on until the sample was completely divided . 
Each 2-inch soil section was washed through a wire screen and the number 
of tubers at each 2-inch depth recorded. 
This sampling procedure was repeated in the late fall, just before 
the units froze over and after the waterfowl had had access to the tubers 
for over a 6-mo~th period . Tae number of tubers present during this sec-
ond sampling period was likewise rec)rded. 
Vegetation 
Vegetation was sampled by use of a square foot, galvanized iron 
frame, 3 feet high. The frame was lowered into the water and all vege-
tation lying wi~hin it was collected . Since the water was less than 2 
feet deep in most areas, the vegetation was easily collected from the 
boat. Grass clippers were used to cut the vegetation at the soil level . 
Vegetation sampling began in late June and continued until early 
August. A total of five vegetation collections were taken at each check-
point during the sampling period, making a total of 2,250 samples for the 
total refuge area. Each sample was collected and placed in a marked 
paper bag. The samples were air-dried for 12 hours, oven dried and weigh-
ed. Wet weights were taken of a representative number of vegetation 
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samples. By comparing wet with dry weights it was possible to d~termi~e 
the water content of the vegetation by weight. This made it possible to 
state total veget~tion production in terms of wet or dry weight per given 
area. 
Since uniform growth of sago pondweed did not exist on all of the 
water areas of the refuge the vegetation was classified according to den-
si ty. Areas in which 70 to 100 percent of the water surface was covered 
with sago pondweed vegetation ~re classified as dense, from 35 to 70 per-
cent as meqium, 5 to 35 percent as sparse, and 0 to 5 percent as ~ 
(Fig. 5 A, B, C & D). 
As each vegetation collection was made, the density of growth at 
that sampling site was classified by ocular estimate and recorded. 
Seedheads 
To sample the number of seedheads, a wooden frame, covering an area 
of 2 square feetj was made. This frame was divided into qual'ters by means 
of stri~ to facilitate easier counting. The fr~e was tossed randomly at 
each sampling site ani the number of seedheads lying within it was counted. 
Between late June and early August six seedhead counts were made at 
each checkpoint. A total of 2,700 counts were made on the refuge. By 
knowing the total area and the average number of seedheads per square foot 
it was possible to determine total seedhead production on the refuge. 
Measurements £! chemical ~ physical factors 
During April and in late September soil samples were taken with the 
core sampler. These samples were taken at checkpoints 1, 5, 9 and 13 of 
each transect and in each unit. Each soil core was divided into 2-inch 
sections in the laboratory. By use of a solu-bridge, the salinity of the 
A B 
c D 
Figure 5. Sago pondweed density classification on the Bear River Migra-
tory Bird Refuge. 
A. Dense C. Sparse 
B. Medium D. Bare 
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soil at each 2-inch soil depth was determined . At the same time, the 
soil types, clay, clay loam, silt and sand, were determined by examina-
tion of the soil texture and appearance. 
During the spring of the year water in the Bear River and on the 
refuge is relatively fresh and plentiful. As the summer progresses how-
ever, water becomes critical . Farmland irrigation upstream from the re-
fuge utilizes most of the available water. Wi th no water available to 
the refuge, the standing water in the units becomes brackish and the salt 
content increases. This condition exists until late September when fresh 
,Yater is once more available . The soil-salinity sampling times corres-
ponded with maximum exposure to fresh water in the spring and water of 
high salt content in the fall.. Soil salinity readings were made to de-
termine if any noticeable change had occurred in the salt concentrations 
of the soil between the spring and fall and what effect soil salinity 
might have on sago pondweed production. 
By USe of a portable solu-bridge , the water salinity was measured 
at each checkpoint once each month throughout the s~er. The water tem-
peratures, as well as the water depths, were also measured and recorded. 
This information was analyzed with the other data obtained to determine 
the effect each had on the production of sago pondweed. 
Waterfowl Utilization 
The objectjve of this phase of the study was to determine the extent 
of utilization of sago pondweed vegetation, tubers and seedheads by ducks 
penned in enclosures for varying periods of time. 
To accomplish this, 16 enclosures were used at the Bear River Club 
Company marsh. These enclosures are 50 X 50 feet square and constructed 
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of 2 X 4 inch mesh wire, 4 feet in width . The wire is supported 
by steel fence posts. The bottom of the wire is embedded in the soil 
at the marsh bottom and the top of the yvire extends 2 feet above the 
surface of the water. The enclosures are laid out in grid fashion, four 
on each side, making a total 0 f 16. They are loc a ted in Brownlee Bay, an 
area of dense sago pondweed growth, and have been protected from c arp and 
bird feeding ac t ivity for several years . 
Two mallards were placed in enclosures 1, 7, 11 and 16 during the 
period from J~~e 1 to September 10, 1963; two were placed in enclosures 
2, 4, 9 and 15 during the period from July 1 to September 10; and two 
were placed in enclosure 3, 10, 12 and 13 during the period from August 
1 to September 10. E l1closures 5, 6, 8 and 14 were retained without birds 
as controls. 
Tubers 
During May 6-10, 10 soil samples were taken f rom each enclosure. 
The samples were divided into 2-inch sections, a s was done on the refuge, 
and the number of tubers at each soil depth was recorded. These samples 
were taken before any waterfowl were put in the enclosures. 
During September 10-14, after all of the waterfowl had been removed 
from the enclosures, this sarrpling procedure was repeated. The number of 
tubers before waterfowl use was compared with the number after use in an 
atterrpt to determine the extent of tuber use by waterfowl. 
V:,getati on 
By using tte square foot, galvanized iron frame 10 vegetation samples 
were taker from each of the enclosvres during July 1-3, August 1-3 and 
Augu st 28-30 . These samples were placed in marked paper bags, dried and 
stor~d fo r future reference .. 
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The weights of each square-foot sample of vegetation from the enclo-
sures containing waterfowl were recorded and compared with the weights of 
the samples taken from the four control enclosures. 
Seedheads 
The same process was used in sampling the number of seedheads as was 
used on the refuge . The wooden frame was tossed in each enclosure and the 
number of seedheads lying within it was counted. 
Ten seedhead counts were taken in each enclosure during June 28-30, 
July 29-31 and August 25-27. The number of seedheads in the enclosures 
containing waterfowl was compared with the number in the control enclo-
sures. 
Statistical Analysis of Data 
All of the data pertaining to water salinities, water depths, water 
temperatures, soil types, soil salinities at each 2-inch soil depth, 
tuber production at each 2-inch soil depth, vegetative and seedhead pro-
duction were punched on IBM cards for processing. A total of 30,150 
IBM cards were used in making the statistical analyses. 
By means of a computer, analysis of variance, multiple regression 
and correlation analyses were made on these data to determine the pro-
duction of sago pondweed tubers, vegetation and seedheads as well as 
to determine what effect the various physical and chemical factors 
had on this production. 
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RESULTS 
~ Gy;c le 0 f Sago Pondweed 
Sago pondweed is a widely diversified plant . Moore (1915) states 
that it is found in quiet waters though it has a variable habitat in 
other respects, a ccurring in a substratum that is sandy or muddy and in 
waters that are deep or shallow, fresh, salt or brackish. Because of 
these diversifications, the ecological development of this plant may vary 
from one habitat to another. The following is a brief life history of 
sago pondweedas it grows in the shallow, saline marshes of northern 
Utah. 
Bourn (1932) states that sago pondweed is propagated in nature both 
from seed (Fig. 6) and vegetatively from starchy tubers. The bulk of 
the growth, however, is from tubers. Moore (1915) found that all of 100 
plants collected in early April had developed from tubers. This was also 
borne out in the ~y collections made in this study during the past 2 
years. 
Wetmore (1921) indicates that the tubers may be found buried from 
less than an inch to 12 or more in the soil. At the Bear River Refuge 
the soil texture and type are important ir. determining the soil levels 
in which the tubers are found . Only a few tubers were found in the cal-
cium "hardpan" that exists from 12 to 20 inches below the soil surface . 
Few tubers were found in soil depths exceeding 12 inches . Most of the 
tubers were found between the 4-and 8-inch soil depths, and in the silt 
and clay loam soil types . Details are given later in the section on tuber 
Figure 6. Germinating sago pondweed seed in early April, 1963. 
Scale: Enlarged approximately 15 times. 
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pr-oduction. 
The tubers lie dormant in the soil throughout the winter months. In 
late March and early April the tubers, as well as the seeds that have 
settled to the bot tom in previous year s, begin their growth • Usually the 
tubers that occur 6 inches or more in the so il develop in clusters of two 
or three (Fig. 7). Those tubers found at the greater soil depths are larger 
and appear more robust than do those near he soil surface (Fig. 8 and 9). 
This inc reased size of tubers at the deeper soil depths mi ght be attributed 
to the protection they have from waterfowl u se, which allows them to con-
tinue growth f or several years. During this time they may increase in s ize 
and also develop new tubers at the same soil depths. As the older tubers 
die t he younger tubers in the cluster continue to grow in size and continue 
to produce vegetation. The tubers in the upper 6 i:qches of soil are usually 
small. These are usually produced on small runners from the vegetative por-
tions of the sago pondweed plant and seldom penetrate the soil deeper than 
6 inches. No large tubers we re found in the upper 6 inches of s oil which 
migh t indicate that the tubers produced at these depths are eaten by water-
fowl, routed out by carp or may die afte r one season1s growth. 
Each tub e r usually produces one main shoot. This shoot works its 
way to the water surface. The new plant quickly establ ishes it::;e l f by 
c6vcloping simultaneously with shoot formation an extensive subterranean 
system of stems or rhizomes, vnich, in turn, send up leafy shoots (Fig. 
10). The shoots branch profusely near the water surface producing long, 
thread-like leaves. By e arly May much of the vegetation has reached the 
surface o f the water. 
In mid-May much of the wate r surface i s covered with a dense growth 
of sago pondvl'eed. At this t:ime flowering begins. According to Fassett 
Figure 7. Clusters of tubers develop below the 6-inch soil depth while 
single tubers are found in soils above the 6- inch level. 
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Figure 8. 
Figure 9. 
Tubers taken between the 0-2-inch soil depths in April, 1963 
showing the small size of the tubers which grow in the upper 
inchM of soil. 
Tubers taken between the 10-12-inch soil depths in April, 
1963 showing the increased size of tubers growing at the 
greater soil depths. 
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Figure 10. Sago pondweed plant showing leafy shoots growing from the 
rhizome. 
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Figure 11. Development of sago pondweed, (A) the development and pro-
duction of a leafy shoot from the tuber of the preceding 
season, (B) the growth of the horizontal rhizome and the 
production of the stolon-like branch or runner (C) which, 
in turn, bears the new tuber at the end (D). 
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(1960), the flowers are perfect, having functional stamens and pistil. 
The flowers are mostly borne in spikes which rise above the water'. s sur-
face for wind pollination . In late May these pencil-like, erect , emersed 
spikes are qlite conspicuous. 
By mid-June fertilization has occurred and seed production begins . 
The seeds are confined to the spike and usually float on or near the sur-
face 0 f the water . Each s tern on the plant may produce a spike or seed-
head. The main stem usually produces its seed sooner than do the rhizome-
derived stems of the same plant. 'l'h3re may be several weeks difference 
from the time the main stem produces its seed and the time when the last 
rhizome-derived stem pro duces seed. 
In late JQly and early August the seeds near maturity. Each seed-
head may c ontain from 7 to 20 seeds, the average being about 15. As the 
seeds mature they chalge from green to a red-brown color. When the seeds 
are fully mature they falloff the spike. Some seeds float until they 
eventually settle to the bottom or are blown into windrows along the 
shore. Others sink to the bottom immediately and there await the spring 
and a new life cycle. According to Muenscher (1936) seeds require a per-
iod of cold temperatures under wet conditions in order to ge~inate . He 
found that sago pondweed seeds subjected to several months of cold stor-
age in water wi tnout first allowing them to dry, germinate readily . Seeds 
stored in water for 5 months at room temperature and then chilled for 30 
days at 1_30 centigrade gave good germination within 10 days. Dry seed 
showed almos t no germinati on. 
Tuber formation occurs in the autumn o Jepson (1915) states t hat the 
slender threads which develop one, two or even three tubers at the end are 
not only on the horizontal rhizomes and on the soil at the bottom but are 
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also produced on the upright stem. 
By late August and early September most of the seed has fallen from 
the spikes and the plant begins to die down. Once the plant settles to 
the bottom, decomposition is rapid. Samples taken in late September 
showed only a few plant fragments still remaining. The plant completely 
decomposes or breaks loose and is carried away by the moving water. The 
seeds and tubers remain dormant until the following spring. 
Factors Affecting Production ~ Sago Pondweed 
Water depth 
The refuge depends upon the Bear River and its tributaries for its 
source of water. Anything that affects the water in the river also af-
fects the water levels on t he refuge. 
In June, irrigation begins on the farms upstream from the refuge and 
much water is drawn from the Bear River. In most years little water is 
available for the refuge after early July. All units of the refuge are 
filled with water before the river flow ceases and this water must main-
tain the units until September, when water again becomes available. Oc-
casionally, during wet summers, some water is released from Cutler Dam 
and limited amounts are available for the refuge. 
Water depths vary among the units. Units II and IV have first pri-
ority on any water that might be available during the summer. Unit IV 
is majntained for research purposes and Unit II for waterfowl management 
purposes. Units I, III, and V receive little water during the summer 
and~ except for some of their deeper areas, dry up. 
The maximum and minimum water depths were determined by measuring 
the water depth at each checkpoint during March, when water levels were 
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the highest , and during late August, when water levels were low. The 
average reading for all of the checkpoints was used in estimating maximum 
and minimum depths for each unit . Unit V was the deepest unit, averaging 
21.4 inches at maximum depth. Unit IV was the most shallow, averaging 
11.1 inches at maximum depth (Table 1). 
From October to May sufficient water is available to fill all of the 
units on the refuge . Management practices on the refuge however , require 
that the units be drained after they start to freeze . By draining the 
water, the breaking and shifting of ice is reduced, thus preventing dam-
age to the dikes. As soon as the ice breaks in the spring the units are 
again filled. 
Water salinity 
Water salinities increased in all units of the refuge as the summer 
progressed (Fig. 12). The water held inside of the units becomes saline, 
especially in late summer. The soluble salts apparently move up through 
the soil in the units, increasing the salt concentrations of the water. 
Continual water evaporation also increases the salinity. As the water 
evaporates, the salts are left behind, increasing the salinity of the re-
maining water until if often reaches concentrations exceeding 6,000 parts 
per million . 
During late August and early September water salinity reached its 
peak. In late September, the units were filled with fresh water and the 
water salinity decreased in all units except in Unit I, which had not been 
filled with fresh water by this date. 
A correlation, significant at the .01 level . existed between water 
salinity and water depth. Generally, the more shallow areas had higher 
concentrations 0 f soluble salts. Transects D, E and F in Unit III, and 
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Table 1. Average water depths for each transect from May to September of 
1963. 
Water Depth (inches) 
Unit and Sample 
Transect Size May June July August September 
I 
A 15 15.9 15.9 14.1 6.5 13.5 
B 15 16.6 16.6 14.5 6.4 13.7 
c 15 17.1 17 .1 14.6 6.2 13.9 
D 15 18.4 18.4 15.2 6.8 15.0 
E 15 15.8 15.8 12.1 4.2 12.4 
F 15 20.3 20.3 15.1 6.8 14.2 
Average 17.3 17.3 J:J:i":2 b.l D.S 
, 
II 
A 15 21.2 20.3 19.6 13.6 21.2 
B 15 23.0 21.2 20.3 15.6 23.0 
C 15 20.2 18.4 17.5 11.8 20.2 
D It:; 15.5 13.3 12.2 7.0 15.5 
E 12 11.2 11.1 10.0 4.4 11.2 
F 14 11.8 10.7 11.2 6.5 11.8 
Avera8:e 17.1 I5.8 1~.1 9.8 17.1 
III 
A 15 19.1 19.1 12.5 4.6 16.3 
B 14 14.6 14.6 8.6 2.0 12.6 
c 15 13.1 13.1 7.1 .1 11.6 
D 15 9.8 9 ~8 401 .0 9.7 
E 15 11.2 11."2 7.2 .8 12.5 
F 15 10.0 10.0 6.0 06 12.4 
Average 12.9 12.9 7."6 1."3 12.~ 
IV 
A 15 10.1 5.1 5.8 7.5 10.1 
B 15 10.9 805 7.7 8.2 10 09 
C 15 10.6 8.6 6.9 7.5 10.6 
D 15 11.3 10.6 8.3 8.7 11.3 
E 15 12.1 11.2 10.1 9.2 11.6 
F 15 11.7 11.7 9.1 9.0 11.2 
Average 11.1 9.4 7.9 8.3 10.9 
V 
A 15 16 03 16.3 13.4 5.2 16.0 
B 15 20.2 20.2 16.3 8.3 19.1 
C 15 18.4 18.4 14.9 7.9 16.8 
D 15 23.1 23.1 18.1 9.4 20.4 
E 15 2501 2501 20.8 12.7 23.2 
F 15 25.2 25.2 20.6 13.9 23.9 
Average 2I':'4 21.4 17.3 9.4 19.9 
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IVdgra tory Bird Refuge during the summer of 1963. 
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transect A in both Unit IV and V are located in shallow water. The water 
salinities along the se transects were much higher than those of the other 
transects wi thin the same units (Table 2) . 
The average water salinity readings for Unit III were the highest , 
with a hi gh of 5,549 p .p.m. soluble salts during August. The highest 
reading obtained in the study was 11,000 p.p .m. taken at several of the 
more shallow checkpoints in Unit III during the late sUlllI)1er. 
Water temperature 
Water temperatures were recorded at each checkpoint throughout the 
summer. From June to August the lowest temperature was 190 and the high-
est was 300 centigrade. Readings taken during September were much lower 
but these occurred after sago pondweed growth was completed and thus would 
not affect vegetation grmvth (Table 3). 
Water temperatures fluctuated during the summer. They were high in 
o June, ranging up to 30 centigrade. Rains during June necessitated open-
ing the gates at Cutler Dam and the fresh water filled the units of the 
refuge. This accounts for the temperatures being as low as 200 centigrade 
during July . As the summer progressed, the water temperatures increased, 
again reaching 300 • In September fresh water again filled the unit~ and 
the temperatures immediately decreased. 
Because the temperature range during the summer was only 11 degrees, 
19-300 centigrade, and because temperatures changed so much daily depending 
upon the time of day, cloud cover, and wind, no attempts were made to 
determine their effects on the growth of sago pondweed . 
Soil salinity 
Soil samples were taken twice during the year to determine salinity 
at each 2-inch soil depth . The first samples were taken after the soils 
Table 2. Average water salinity for each transect throughout the 
summer of 1963. 
Unit and Water salinity (p.p .m. )a 
Transect 
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June July August September 
I 
A 945 1834 3528 4683 
B 938 1960 3990 4634 
c 924 1897 3276 4592 
D 882 1603 3507 4263 
E 868 2002 5222 3871 
F 
...1E ..l..2Q.2. 4795 2857 
Average 882 1814 4053 4316 
II 
A 784 1470 3395 2296 
B 784 2814 4032 2122 
C 819 1792 5180 1589 
D 791 1680 14-382 1575 
E 805 1876 4270 2058 
F 1526 2919 5166 4207 
Average 918 2092 4404 2308 
III 
A 777 1750 5201 2919 
B 819 2163 5551 2660 
C 910 2898 4501 3570 
D 1001 2884 6125 4158 
E 1267 2240 5131 4585 
F 2562 2758 6790 5607 
Average 1229 2449 5549 3916 
IV 
A 5208 2303 5425 2590 
B 2709 1358 5117 2793 
c 2597 1596 4900 1967 
D 1120 1372 4760 1974 
E 623 2051 4214 1708 
F 1610 ~ 5880 2177 Average 2311 1 75 5049 2201 
V 
A 1190 1666 4942 4347 
B 819 1407 3815 3269 
c 770 1442 4900 1323 
D 553 1225 2807 2632 
E 546 1036 1904 2555 
F ~ 1071 1960 2422 
Average 739 1208 2388 2758 
a Transect salinity readir~s are based on the average salinity of 15 
samples taken for each transect during each of the four months cited. 
Table 3. Average water temperature for each transect from June to 
September of 1963. 
Water Temoeratures (degrees centigrade)a 
Unit and 
37 
Transect June July August September 
I 
A 28 20 30 18 
B 28 24 30 18 
c 29 26 28 18 
D 30 25 22 18 
E 30 20 21 18 
F 30 20 21 18 
Average 29 23 2b 18' 
II 
A 22 19 24 18 
B 21 21 22 14 
C 25 24 20 15 
D 26 24 19 12 
E 27 23 22 12 
F 27 20 27 12 
Average 24 22 22 14 
III 
A 29 19 20 19 
B 30 20 22 18 
C 21 27 25 19 
D 21 28 25 19 
E 20 23 25 22 
F 19 20 25 20 
Average 23 23 24 19 
IV 
A 22 26 20 16 
B 22 28 20 16 
c 23 24 29 17 
D 24 21 26 18 
E 26 26 24 19 
F 25 24 21 19 
Average 24 E 23 17 
V 
A 25 21 25 20 
B 27 24 22 19 
C 29 26 22 18 
D 29 25 25 16 
E 29 20 25 15 
F 30 24 30 15 
Avera~e 28" 23 E 17 
a Transect temperature readings are based on the average temperature of 
15 samples taken for each transect during each of the four months cited. 
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had been exposed to relat ively fresh water for several months , February 
to April, and the second after t he soil had been exposed to standing , 
saline water for several months, July t o September (Fig. 13) . 
There was a differ ence in soil salinities among the units of the 
refuge (Fig . 14). Soil salinities in Unit I were much higher than in 
the other units . The high reading for Unit I was taken at the 12-inch 
soil depth , where the salt concentration was 19,011 parts per million . 
There may be several possible explanations for the increased soil salinity 
in Unit I . Except in extremely wet years, Unit I usually dries up. All 
of the salt in the water is thus deposited in the unit . Alsc, while dry, 
or nearly so, many of the salts deposited in the soil may move toward the 
surface (Nelson, 1955) . This would increase the soil salinity . 
Another possible explanation may be connected with the water source. 
In the late summer little water is available in the Bear River. The Bear 
River Club Company, which borders Unit I on the east, has a good flow of 
water from the Malad River . According to Christensen (1962), the Malad 
River has high salt concentrations . The Club, characteristically, keeps 
water levels high in its area during the summer. Often, in August~ the 
Club releases some of t his water into Unit I . This water remains in the 
unit and increases the salinity of the water already there . Exposure of 
the so il to this water may increase the salinity in the upper few inches 
of soil. 
The soil salinities in Unit II we re lower than any of the other 
units with an average reading of 4,7h5 p.p.m. (Table 4) . Soil salinities 
in Unit III were high , averaging 8,354 p op .m.. This may be because 
much of the unit dries up each year , depositing the salts contained in 
the water on the bottom and also allowing the salts to move up through 
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Migratory Bird Refuge durin~ April and September of 1963. 
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Table 4. Average soil salinities at 2 inch soil depths for the units 
of tre Bear River Migratory Bird Refuge. 
Unit Soil Soil salinity (p .• p,m·.)~ -, Unit 
depth average 
Spring Fall 
I 2 2,033 5,961 
4 5,100 6,644 
6 7,872 8,350 
8 10,094 10,533 
10 13, 678 14,289 
12 16, 822 19,011 
Average 9, 266 10,798 10,032 
II 2 868 3,317 
4 1,743 3,111 
6 2,958 4,022 
8 4,280 5,750 
10 5,928 7,628 
12 7,700 9,650 
Average 3,912 5,579 4,745 
III 2 2,272 4,528 
4 4,483 6,750 
6 7,072 8,156 
8 10,067 9,306 
10 12,928 10,256 
12 13,333 11,167 
Average 8 ,359 8,360 8,359 
IV 2 2,267 5,617 
4 3,978 5,517 
6 6,378 6,656 
8 8 ,050 8,289 
10 9,511 10,144 
12 9,822 11,378 
Average 6,667 7,933 7,300 
V 2 1,506 3,828 
4 3,51l 4,600 
6 5,628 6,222 
8 8,400 7,328 
10 10,911 9,489 
12 11,589 10,911 
Average 6,924 7,063 6,993 
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a Average soil salinities are based on 24 samples taken at each 2-inch 
soil depth in each unit during the spring and fall of 1963. 
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the soil. Units IV and V have about the same average soil salinities, 
7,300 and 6,993 p.p .m. respectively. 
As indicated in Figure 13, the soil salinity readings at the 8-, 10-
and 12-inch soil depths were much higher than readings in the upper 8-
inches of soil. This same trend appeared both in the spring and in the 
fall. 
Analysis of variance of the data indicated a significant difference 
in the salt concentrations at the 2-, 4- and 6-inch soil depths between 
spring and fall. In the spring, when the water in the units is fresh, 
the soil salinities in the upper 6-inches of soil are lower than they are 
in the fall after the water has become saline or the units have dried up. 
Salinities at the 8-inch soil depth and below are not affected by changes 
in salinity that occur in the water or the upper 8 inc~es of soil. No 
significant difference existed at the 8-, 10- and 12-inch levels between 
spring and f all (Fig. 15-19) • 
Soil ~ 
The soil samples collected in the units were classified into four 
soil types: silt, clay loam, clay and sand. With the exception of clay 
and sand, there was no clear-cut separation between one soil type and 
the other. The soils in the transition zone between silt and clay loam 
and between clay loam and clay were difficult to classify as to type. 
The soil profile generally consists of silt in the upper inches, 
f ollowed by clay loam and then clay or sand until the calcium "hardpan" 
layer is reached (Fig. 20). The soil types were much the same throughout 
all of the units but the depths at which each type occurred varied great-
ly. Unit II is the delta of the Bear River and receives much silt from 
the river. As a result, the silt in this unit extends to a depth of at 
· p.. 
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Figure 15. Soil salinity at each 2 inch soil depth in Unit I during 
the spring and fall of 1963. 
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least 6 inches . Unit III, on the other hand, contains much less silt . 
The clay loam-clay complex extends from the soil surface to the "hardpan" 
layer . Simi.lar variations occur not only between but also within the 
same units . 
The following is a general description of soil types and the depths 
at which each type is found in the various units . This information was 
obtained from the soil samples taken at the checkpoints throughout each 
unit . 
In the deeper water areas of Unit I the soil surface is composed of 
silt .. The silt layer is quite shallow, extending to a depth of about 4 
inches . Clay loam follows to the 8-inch depth and heavy clay continues 
to the "hardpan". Along the northern edge of the unit heavy clays pre-
dominate , extending from the soil surface to the "hardpan" . In the 
southeastern part of the unit some sandy clay is found at the 6- to 10-
inch soil depths. 
The silt layer in Unit II extends to a depth of at least 6 inches . 
Clay loam continues to the 10- or 12-inch depth and is followed by clay. 
At the northwestern part of the unit the c1ay loam-clay complex extends 
throughout the complete soil profile . Along the extreme eastern portion 
sand is evident at the 8-inch soil depth. Sand seems to be confined to 
certain areas and does not appear to be distributed throughout the whole 
unit . 
Unit III consists of the clay loam-clay complex, extending through 
the complete soil profile . The western portion of the unit has a shallow 
silt layer at the soil surface and an extensive sand area at the 8-inch 
soil depth . The northeastern portion consists of heavy clay . 
Unit IV has a shallow layer of silt, followed by clay loam which 
48 
extends to the 10 inch depth. Heavy clay dominates the 12- inch depth . 
The western part of this unit is mostly clay throughout the whole soil 
profile . 
Unit V is a deep- water unit and has a fairly deep layer of silt , 
compared to the other units . The upper 4 to 6 inches of soil are silt. 
Clay loam and clay dominate the soil depths below 6 inches . The north-
eastern and we stern portions of this unit are mostly heavy clay . 
Production of Sago Pondweed 
Tuber productioE: 
Almost 70 percent of the tubers are found at soil depths between 
4 and 8 inches. Fourteen percent of the total tubers grow at depths 
less than 4 inches and 16 percent grow at depths greater than 8 inches . 
This distribution of tubers is shown in Figure 21 and Appendix Table 3. 
A similar distribution of tubers was also found in the enclosures at the 
Bear River Club Company during this same study (Fig. 22). 
The production of tubers varied among the units (Fig . 23) • Unit I 
was the most productive, averaging 4 . 2 tubers per 12-square inch sample . 
Unit III averaged 3 .30 tubers per samples while Units II, IV and V pro-
duced about the same amounts per sample, 2 .40, 2 . 46 and 2 . 52 tubers re-
spectively . Unit I produced a total of 853.3 tons of tubers while Unit 
V produced 685 .5 tons in 1963. Total production for the refuge was 
3,049 .1 tons (Table 5) . 
Tuber production figures from other qreas were not available for 
comIbarison with refuge figures . The number of tubers in the enclosures 
on the Bear River Club marsh was much higher than those on the refuge, 
averaging 38 tubers per sample compared with an average of 3. 0 on the 
49 
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Table 5, Sago pondweed tuber production on the Bear River Migratory Bird Refuge, 1963 . 
Unit No . of No . of Weight of No. of Weight of Area of Total 
tubers t ubers tubers per tubers tubers tuber weight 
per 12 per sq. ft . per per acre growth per unit 
sq . in. sq. ft . (grams) acre (pounds) (acres ) (tons) 
sample 
T 4.20 50.50 8.08 2,199,780 774.31 2,204 853 .3 .... 
II 2.40 28.80 4. 60 1,254.9528 441.59 2,489 549 . 6 
III 3 .30 39 . 60 6.33 1.9724,976 607 .19 1,754 532 . 5 
Tv 2.46 29 . 52 4. 72 1,285,9891 452 . 63 1,892 428 . 2 
V 2. 52 30.24 4.83 1,317,254 463 . 67 2,957 685 . 5 
Refuge total 11,296 3,049 .1 
Average weight per tuber is 0. 16 grams , based on the weights of 800 tubers taken at random from the 
various soil depths . \ ' t t ~a-V eJ) pJj ~ ~;J juv-j 
\r, 
l-' 
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refuge . These enclosures , unlike the sampling areas on the refuge , are 
not Ellq)osed to b ird or carp use . Forty samples taken on the Bear River 
Club marsh outside of the enclosures indicated 8 tuber s per sample . The 
difference in tuber production inside and outside of the enclosure s may 
have resulted fro m carp and/or waterfowl feeding activity . However, 
greater producti on of tubers inside the enclosures might be attributed 
to possible increased s oi l f er tility resulting f rom the deposition of the 
decaying sago pondweed vegetati on in the enclosures . 
Tuber samples were t aken in late March and in l ate September . The 
number of tubers in the upper 2 i nche s of soil was greater i n the spring 
t han i n t he fall, while at the remaining soil depth, 3 to 12 inches, a 
significant increase in tuber numbers occurred in the fall (Fig. a4.) 
This increase was significant at the .05 level as determined by analysis 
of vari ance (Appendix Table 4 ) • This same trend appeared in all units 
with t he exception of Unit IV (Fig.25-29). The increase noted throughout 
the units at the 3 to 12 inch soil depths was probably from natural re-
production. The decrease in tuber numbers in the upper 2 inches may be 
attributed t o waterfowl use. During the late summer, when water levels 
are l ow, t he t ubers in the upper 2 inches of soil may be accessible t o 
waterfowl while t hose below t he 3 inch soil depth may not. The soil t ypes 
at the greater depths as well as the water dept hs over these soils may 
be factors in limit ing wa t erfowl use of the t uber s at t hose d ept hs. 
There was no correlation between tuber production and water salinity, 
water depth or vater temperature. 
Multiple regr ession analysis indicated that the pre sent soil salin-
ities on the r efuge ar e not hi gh enough to have any detrimental effect 
on t uber production. Soil salinities at each 2-inch soi l depth wer e 
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compared with the total number of tubers per sample as well as with the 
number of tubers at each 2-inch soil depth per sample to determine if any 
correlation existed. The correlation coefficients between soil salinities 
~~d tuber numbers were less than .10, indicating that no correlation exists. 
Teeter (1963) found that the best tuber growth occurred where salinities 
were near 3,000 parts per million of sodium chloride. He sta~es that the 
maximum concentration which tubers could tolerate was 20,000 p.p.m., 
but that tubers subjected to concentrations above 12,000 p.p.m. produced 
little vegetative growth~ 
According to this study the bulk of tuber growth occurred between 
the 4,500 to 7,500 p.p,m. salinity range, No areas on the refuge had 
salt concentrations in excess of 20,000 p.p.m., the majority being below 
12,000 p.p.m. 
Soil type is probab~ the key factor in tuber production. As indi-
cated in Figure 21 the majority of the tuber growth occurred ~n the 4 to 
8-inch soil depths. Few tubers were found below the 10-inch soil depth. 
The soil types usually occupying the 4 to 8-inch levels are silt and clay 
loam and these are the most productive soil types for tuber growth. (Fig. 
30 and Table 6 ). Few tubers were found in the clay soils which are found 
at or below the 10-inch soil depth5 
Vegetation production 
• i - -
Since uniform growth of sago pondweed did not exist on all of the 
water areas of the refuge the vegetation was grouped into four different 
density classification, dense, medium, sparse, and ~i 
At the peak of vegetative growth a vegetation cover map was made for 
each unit. The vegetation in each unit was plaoed in the appropriate 
d.ensi ty classifications (Fig. 31-35 ). '1'he area. occupied and the aver age 
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Figure 30. Production of sago pondweed tubers by soil types on the 
Bear River Migratory Bird Refuge. 
Table 6. Average number of tubers by soil types on the Bear River 
Migratory Bird Refuge. 
Soil type ~!tLTnber of tubers 
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Migratory Bird Refuge , 1963. 
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y-leld of vegetation for each density classification in each unit was 
determined by analysis of the collected sample s . From this inf ormation 
it was possible to determine vegetation production for each unit . Unit 
V was the most productive, producing a total of 11,747 tons (wet weight ) 
of sago pondweed vegetation, averaging 7,226 pounds per acre , Uni.t III 
was tre least productive with a total of 6,307 tons, and avera.ging only 
3,733 pounds per acre . The average production for each unit was 8,730 
tons . The total production of sago pondweed v(~geta:tion for the refuge 
was 43,647 torus (Table 7) • 
Sago pondweed vegetation production figm'es .from ot.her 21'paS 
were not available for comparison with refuge figures . Low and Bellrose 
(1944) found a production of 1, 707 pounds per acre dry weight of sago 
pondweed in the Illi.noi River area. . However, thelr samples were t.;.t\..,,(?n 
in water at least 5 feet deep, which might account for tbe greater pro-
duction of vegeta.tion • Jensen and Dargon (1939) studied the production 
of all aquatic pla.nts of t he Bear Ri ver Refug~ . They combined all sub-
mersed plant species in determining production per acr . The dry'~ igl t 
prod1:l.c ion for eaoh unit, tor:,l,l1 9pflC~ . ~ of vegntatton W~ s ) .100. l ~ B·TO .• 
725, 725 and 1,460 powlds pal:' ~c)"'a for Unitr. .l t,hrough V rl)spoot:l \'cly . 
The 1'X'Odu.ct1o n (if sago pondwe~d vegetatJ (n for 1963 W3.U 1.;69 .• err . 3'D1 
51~ nw) 722 POUUdlll r11"jI' 'WG gh t, pr~)'" ,1).01:' :1'o:t" Vrl.:tL~i ! ihr'1u..j{h V t"t l :{) (\ot.i vul.~' 
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Table 7. T0tal prc~~ction of sago pondweed vegetation on the Bear River Migratory Bird Refuge . 
Unit Tota:' 
water 
Total dry 
weight per 
Dar1sit~­
classifi-
cation 
Ir.:-y weight 
per sq . it . 
(grams) 
Wet weigr~t 
par sq . ft . 
(grams) 
Wet weight 
per acre 
(pounds) 
Area of 
vegeta~ 
tion 
(acres) 
Wet weight 
per area 
(tons) 
Tot.al wet 
waight 
per unit area per acre 
(tons) UL~t (pounds) 
I 
II 
::1 
Dense 
MediuE 
Sp6:se 
10 . 24 
4.53 
.06 
Bare or Ruppia 
Der.sa 
MediU:l 
1l . 70 
5 .60 
Sparse 2 . 78 
Bare or Ru.ppia 
Den.s.'3 
Med:"u.::: 
5nars8 
~e or RU.ppia 
-., "I J."" . ,)4 
3.63 
.09 
~,~c- ~~ lr 
.J":j. .. J,;.;.~ ....... ~ .. :; 
"J:l ~·~.i.lL-:~ 4 .81 
Sp=.rS-3 .05 
B::4'B ~r~ R.l2·nia 
; . 
Je~s~ 10. 29 
V bre:::~iur~ 5.50 
0f~S~ .09 
3a:-~ 0:' Rupri·~ 
102 .40 
45 .30 
.60 
117 .00 
56 .00 
27.80 
113 .40 
36 030 
.90 
111.50 
48 .10 
.50 
l02 .90 
55 .00 
. 90 
9,810 
4 ~ 312 
56 
11,2l2 
5,357 
2..,657 
10,864 
3,441 
82 
10,685 
4,573 
48 
9,858 
5,270 
82 
1$497 
312 
395 
615 
1,552 
533 
404 
661 
1,065 
294 
395 
1,625 
992 
698 
202 
799 
1,974 
762 
221 
294 
7j 343 
6'7~ , ~.., 
., ... 
........ 
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l $1...28 
53 .... 
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-, . "
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.-
;) 
? J 73~~ l 
2$ JGfj 
':i 
" 
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10j666 
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~ 1 7).7 ~ J ~...,. 
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at the lower salinity levels. Tne aveI':ige dry w'9 lght of '18getation per 
square foot at the 840-1899 p.p.m. salinity range was 9.5'5 grams, compared 
to.OO grams between the 7,200-8,250 p .p.m. range . Teeter (1961) found 
that the best growth occurred in fresh water and that seedlings died in 
concentrations exceeding 9,000 p.p.m. 
Vegetation production and water depth were also correlated, signi-
ficant at tre . 01 level (Fig . 37) . Increased depth provides more space 
for growth. Depths greater than 12 inches and up to 27 inches produced 
the best growth, averaging 10.3 grams per square foot compared t o .25 
grams per square foot at the 4-6 inch water depths. Jensen (1940), citing 
an unpubli shed manuscript of Piranian, states that the amount of vegetation 
yielded was conditioned by water depth. He states that water depths from 
8 to 18 inches were the most productive. 
A signifi.cant correlation existed between vegetation and water tem-
peratures but because the temperatures varied greatly during each day and 
between days as a result of cloud cover and wind no attempts were made to 
determine vegetation production at specific temperatures. 
It was not possible to determine any correlation between vegetation 
and soil salinities. Since rrnst of the growth has its begirming in the 
upper 8 inches of soil (Fig.2l ) and since the soil at these levels has 
relatively low salt concentrations (an average of 5,000 pop .m.) it is 
assumed that the soil salinities do not have any detrimental effect on 
vegetation production. 
Soil type is an important f actor in vegetation production . Silt and 
clay loam were the most productive. Few tubers were f ound in the heavy 
clay soils which probably accounts for the poor production in this soil 
type . 
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In Unit I, silt and clay loam dominate the area of ~ vegetative 
growth. All areas supporting sparse vegetation or widgeon grass (Ruppia 
maritima) consist of heavy clay throughout the complete soil profi 1e . 
In Unit II, areas of sparse vegetation coincide with heavy clay. 
The dense and medium growth areas are in silt and clay loam. A large 
portion of Unit II contains no vegetation (Fig. 32 ). The soil in this 
area is silt and clay loam. Water turbidity .may be respond sible for the 
lack of vegetation. This bare area is the deepest portion of the unit, 
and has a channel flowing through it . The water coming through this 
particular area contains large amounts of sitl which may prevent sunlight 
from reaching the bottom of the unit . 
The dense and medium vegetation growths are found in silt and clay 
loam soils in Units I I I, IV and V. The areas of sparse growth and widgeon 
grass consist of heavy clay throughout the soil profile. This was 
also noted by Jensen (1940) . He indicated that the light clays were most 
productive and that heavier clays yielded no sago pondweed, but favored 
the growth of widgeon grass . 
Seedhead production 
Seedhead samples were taken in early August, when the seedheads had 
reached maturity . 
There was not a uniform distribution of seedheads throughout the 
units. To 0 btain a more accurate production figure the units were divided 
into three seedhead density classifications . Areas that contained 50 or 
more seedheads per 2 square feet 1'.Bre classified as high. Areas con-
taining 30-49 seedheads per sample were classified as medium and those 
containing less than 30 seedhe ads per sample were classified as low. 
Vegetative cover maps were made showing the areas covered by the 
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various classifications of seedhead density (Fig . 38-42 ) . Areas covered 
by each classification were determi,ned . By kn0w:i11g the average production 
for each seedhead density classi.fication and by knowing the approximate 
area covered by each , it was possible to determine seedhead production 
for each unit . 
Table 8 shows the production of seed per acre for each unit of the 
refuge . Unit V was the most productive unit on the refuge, producing 
433 .8 tons of seed . The total production for the refuge was 1,171 ., tons . 
A correlation of .21, significant at 'the .01 level, existed between 
water salinity and seedhead production. The lower salinities favor the 
greatest production of seedheads, averaging 20 seedheads per 2 square 
feet at the 840-1899 p .p .m. salinity range compared to 1 seedhead per 2 
square feet at ~e ,080-6139 p .p .m. salinity range (Fig . 43) . Thls 
agrees with Teeter's (1963) findings, who stated that fresh water brought 
about the bes·t seed prodUction and that salt ooncentrations greater than 
3,000 p .p .m. generally retarded seed set . On the refuge, salinities ex-
ceeding 5, 000 p .p .m. decreased seedhead production greatly. Unit IV had 
the lowest seedhead production, totaling only 46 .1 tons for the unit 
(Table 8) . This unit also had the highest water salinity (2,311 p.p . rn . ) 
during June when the seedheada were forndng (Fig . 12 and Table 2 ) . The 
high water salinity at this time may account for the poor seedhead pro-
duction in this unit . 
Soodhet\d producUon and water depth are 010s01y r elat8d (Fig . 44 ). 
Since a close relationohtp existed between vegetat'foXl a.nd soedhead pro-
duction , where there is more vegetation there would also be mQre seedheads 
produced . Since vegetaticm was more pr valent in dooper wator tlrl s is 
also where the most seed wa.s produ{~od . 
No correlation existed betW'esn wswr temp~ratures or 13011 salil1ities 
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Table 8 . Total sago pondweed seed.ilead. production on the Bear River Migratory Bird Refuge. 
U"nit Density Average No. Average No. Weight Area Weight Total Total 
classifi- of seedheads of seedheads of seed (acres) of seed seed seed 
cation per 2 sq. ft . per acre per acre per area weight weight 
(pounds ) (tons) per unit per acre 
( tons) (pou."lds) 
High 62 04 1,350,360 623.9 1, 101 343 .5 
I Low 8.3 180,774 83.5 3S4 16 .0 359.5 2-55 
High 64 .7 1,409,166 651.0 300 97.6 
II Medium 35.5 773,190 357.2 542 96.3 224 .7 142 
Low 6.3 137,214 63.4 973 30 .8 
High 70 .0 1,502,460 694.1 205 7l .1 
III Medium 36.7 799,326 369.3 76 14.0 106 .~ 63 
Low 5.2 113,256 52..3 835 21 .3 
Medium 33 .7 735,292 341.9 90 15 .3 
IV Low 4.5 98,010 45.3 :$4G6 31 .8 47 .1 35 
High 66 .7 1,452,726 '671 .2 -'-9 180.8 ;'.;1, 
V Medium 36.1 786,258 363.3 ... n"'.J 195 c3 4.33. 8 267 .L , ,_":!: 
Low 15.8 344,124 159.0 ,.,.,..., 57 .7 It..: 
ReIiige-U:itaI-------- --- -~- - .,........"._. 1. • .171 • .';> 
The above i.111ormation is based 'on an average 01' 15 seeds per seedhead, an average weight per seed "f . 0-4 
gram. a..'1d an ave::-age weight of the seed per seedhead of .21 ·grams. Th~ tot.::.l seed weight. per a:Jr~ for each 
unit was determined by dividing the nUlnber of acres in each unit as re;::ordad :in Table 7, into the total 
amount of see d p!'od'\!ced in each unit. 
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and seedhead pro~uction . 
Soil types influenced seedhead production only in that they influ-
enced the growth of vegetation on which the seed is produced . 
Waterfowl Utilization 2! Sago Pondweed 
Most waterfowl food-habit authorities agree that sago pondweed is 
an important wate rfowl food (McAtee, 1918; Mabbott, 1920; Martin and 
Uhler, 1939) . Their conclusions are based of gizzard analyses of samples 
collected throughout the United States . HOWBver, these over-all studies 
may not be valid in determining the importance of sago pondweed for a 
particular area . It requires an extensive study of that area t o gain 
valid information . 
The conclusions of many food-habit studies are based on analyses of 
gizzards collected in the fall, winter and early spring . Little work has 
been done on the food habits during the late spring and sunwar . 
While stomach analyses ascertain the important duck food plants , they 
do not reflect the relative values of these plants , for no consideration 
is given to the abundance of the plant speciea in the areas in which the 
gizzards have been C olleoted. 
Some f ood-habi t studies , suoh as Bellrose (1943), indicate the 
availability of various food plants . He feels 'chat seeds of moist-soil 
plants are more easily aocessible than those of emergent aquatics, 'Whioh, 
in turn, B.re more acceeeible than. :floating or sllbmorgad aqltatic plants . 
This would pla.ce sago pondweed seed 6.8 last in ordar of acoessibility" 
but beoauee ot its relative abundance , it rates high~~at:. ;i,n usa . Pirnie 
(1935) similarly IStates that the greater froquonoy with which 't.he seeds 
of pondweeds and sedges ocour in duck atomaahl!l does not eetablisb proof 
78 
that these foods are preferred, for they are the most universally available. 
McAtee (1918) states that superior availabilit y , after all, is the guiding 
principle in the choice 0 f food by birds. 
These studies do not attempt to determine the demand a waterfowl 
popul~tion makes on the over-all food supply. Recently, Sincook (1963) 
attempted to determine the actual oonsumption of aquatic vegetation by 
a population 0 f w:!.l1tering waterfowl on the Baok Bay area in Virginia. He 
estimated that the t otal waterfowl population used 9.2 percent of tile 
standing crop of sago pondweed for the 4 years of the study. This would 
indicate that it 'WOuld t,ake a ten-fold increase in the waterfowl popula.-
tion, with relatively the same species composition, tp compl~tely denude 
the sago pondweed in the area. 
Tuber utilization 
• j 
ThE! waterfowl p laoed in the enolosures did not eat f;IlOUgh tubers to 
sb;)w in the sampling , Analysis of varianoe of the tuber samples taken 
from the en~losures indioated a dooraaee in the number of tubers after 
waterfowl use (Fig , 45 md Table 9) . The deorta ae howevort ooourred at 
the a-, 1~ and 12-1noh soil depths while an increase was noted in the 
uppsr 6 inohes . B~oa.ustl the tuber!! at ths 1Q...12 inch soil depths ~l.~e 
pl'Obably out of ths watColrfowl,t a l'e!Q,oh, th dSni.f'~u llt di:t! ro1tue in. tu.ber 
nlll1u,ers at theso ciapths Wll.S Il't 'hributod to aamplh g orrtl.l." nd no Wtlt~.rrowl 
Y"S$e1:s tips 1JJ::UM~ ai1gf~ 
Meastlraxoonts bakan during July and Auguert how~d a a%'3.d\lal hlOl'tlaM 
in tha :.tfl1Qunt 01' vegatatic)ft in oh tlelos'Il'te (Fig, 46 ~fid Tab ,13 J,O) . 
Ths birds it! s e.riefl 1, en()l,ofled ,1' 01" a 3 ... rYII;mth paritld. d:1d not dupleta 
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Figure 45 • Average number of tubers at each soil depth in the enclo-
sures before and after waterfowl use. 
Table 9. Average number of tubers at each soil depth in the enclo-
sures before and after waterfowl use . 
=--= 
Soil Before use After use 
depth (May) (September ) 
2 inch 5.44 5. 69 
4 inch 8.64 9.25 
6 inch 7.94 8.52 
8 inch 7.14 6. 58 
10 inch 5.82 4. 59 
12 inch 4.27 3. 35 
-----r 
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Table]). Vegetation changes in the enclosures before, during and 
after waterfowl use during the summer of 1963. 
Series Dry weight per square foot sample (grams) 
80 
Before use During use After use 
July August September 
1 26.19 28.07 31.61 
2 29.17 28.68 30.60 
3 25.86 31.25 32.40 
Control 26.66 32.36 33.04 
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the vegetation any more than did the birds in series 3, enclosed f or only 
1 month. It was concluded that the ducks did not use enough of the vege-
tation to show in the samples. The vegetation appeared not to be an im-
portant food item. The amount of vegetation in the control enclosures 
was greater than in the other enclosures, but this slight difference may 
have been due to sam}: 1 tng err or • 
Seedhead utilization 
By comparing the four test enclosures in the first series with the 
remaining 12 that were acting as controls during this first series it was 
possible to determine total seedhead pr.oduction. The controls averaged 
104.5 seedheads per 2 square feet of water surface area or 130,633 seed-
heads per enclosure . Series 1 enclosures, which had contained duoks, 
averaged only 2.0 seedheads per sample or 2,500 seedheads per enclosure . 
Tne difference in seedhead numbers between the controls and ~he enclosures 
in series 1 was attributed to wa.terfowl use. 
Series 2 and 3 showed similar decreases in the n~ber of seedheads 
after waterfowl use (Fig. 47 and Table 11). Series 2 started wlth an 
average total of 148,325 aeedheads per enclosure . In less tpan 60 daya 
time no seedheads remained in the enclosures . The ducks apparently fed 
extensively on the seed . 
The fecal droppings found on the loafing areas ip.dioated that seeds 
made up a large portion of the ducks' diet . Much of the seed passed 
through the birds Wldigested, as was apparent in their droppings . 
General clis cU8sion of utilization 
From wha.t is known of the feeding habits of the various species of 
waterfowl one might question the value of vast open water areas as 
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Figure 47. Number of sago pondweed seedheads before and after water-
fowl use in the test enclosure~o 
TablelL Number of sago pondweed seedheads before and after water-
fowl use. 
Series 
1 
2 
3 
Control 
Number of seedheads per 2 square f eet 
Before 
104.8 
118.6 
940) 
100.6 
After 
= 
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feeding grounds for the w~jority of pond ducks . Since refuge population 
counts indicate that 90 percent of the ducks that use the refuge are 
pond ducks, it may be that the open water areas, where the bulk of the 
sago pcndweed is produced, do not attract the majority of the waterfowl 
population . 
During the course of the summer many blg flocks of pond ducks have 
been observed on th9 open water areas, The question is whether or not 
they were feeding or merely resting. Many pond ducks were concentrated 
in the eas tern portion of Unit III in June and July . The water in that 
area, however, was shallow and the area contained little sago pondweed. 
During the molting period many pond ducks occupied the open water 
areas. At this time they must have access to large marsh areas where 
they may find an abundance of food without exposing themselves unduly to 
the attacks of enemies. During this time the pond ducks probably make 
use of the sago pondweed in the open water areas. 
As the water levels drop in the late summer, pond ducks move out 
into the open water areas and feed in shallow or dry areas which previ-
ously were under water. During this time tubers may be important as food. 
With the exception of Unit IV, all of the units showed nearly the same 
amount or a reduction in the number of tubers at the 2- 4 inch soil depths 
from spring to fall, while at the remaining soil depths, 6, 8, 10 and 12 
inches, a significant increase was noted (Fig~ .25-29). This difference 
may be attributed to waterfowl use. 
Unit IV, which has water priority and had an average wat er depth of 
near ly 8 inches throughout the sunnner, showed an increase in the number 
of tubers at all s oil depths from spring to fall, This may indicate that 
the deeper water prevented the waterfowl from using the tubers in that unit. 
Unit II also has water priority and maintains an average water 
depth of 9 inchss . However, there are many places in this 1rnit, espe-
cially at the northwest portion, that are exposed to waterfowl use in 
the ]ate summer as water levels rece:ie . 
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The remaining units, I, III, ,and V, nearly go dry in the late sum-
mer . As they dry much area is exposed to waterfowl use . It is during 
this time of year that the waterfowl dig the "duck holes ll in search of 
food in the upper 4 inches of soil . Although the controlled experiment 
did not indicate it, the birds may make extensive use of sago pond"V'.'Bed 
vegetation ~d tubers during the summer because of their availability, 
In late September most of the vegetative parts of sago pondweed have 
settled to the bottom and are completely decomposed or in the advanced 
stages of decomposi ti.. on. The seeds have matured and have either settled 
to the bottom or have drifted to the shore. The units are filled with 
water, completely covering the previously exposed areas. This is usu-
ally the situation when the fall waterfowl populations are at their peak . 
The only parts of the plant that might be availab Le for food at this time 
of year are t he tubers in the soil and the seeds that have windrowed 
along the banks or that lie on the bottom of the units . 
During the hunting season, early October to December, 98 gizzards 
f rom six species of ducks were collected for analysis. Tne food was 
identi.fied a s sago pondweed or bulrush (Scirpus spp .). All other food 
was classified as other. 
The gizzard analyses indicated that during the months of October, 
November and December, sago pondweed constituted only 6 percent of the 
total food consumed (Table 12 ). Bulrush constitues a greater portion 
of the birds' diet during this time. Wetmore (1921) states that bulrush 
Table 12 . Results of gizzard analysis of waterfowl collected in the fall 
of 1963. 
Species No. of Occu.rrences Total Total Total Per~ Per~ 
gizzards of sago vol .. of vol. of food cent cent 
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pondweed sago bulrush vol . sago bu.lrush 
(c.e.) (esc . ) 
Shoveller 3 1 . 10 . 20 2. 00 5 10 
Green-winged 
Teal 3 0 .00 . 65 1005 0 60 
Mallard 13 6 3 • .51 12. 00 '+8 . 81 e 27 
Gadwall 12 1 003 . )0 21+. 33 0.1 1 
Widgeon 13 1 . 25 '. 60 24.15 1 2 
Pintail 54 29 6.71 25.32 84 .. 90 7 29 
Total 28 :28 10 . 60 ~2 · 6L 182.24 6 21 
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is of great importance as a food supply. Though many of the seeds drop 
to the ground in fall, a good proportion remain in the seedheads until 
the following year. In this way they furnish a food supply late in the 
fall when 0 ther stocks are gone or sealed with ice, and in spring these 
seeds are available "1;.0 the ducks returning from the s0uth . 
Smith (1949) found that sago pondweed constitut ed 55 percent of the 
diet of widgeons during the late fall . The small sample of widgeon giz-
zards collected in this study indicated that sago pondweed made up only 
about 1 percent of the birds' diet. Further food-habit studies are a 
must for t his a rea . 
There are' several possible reasons why more sago pondweed was not 
found in the gizzards during this study. Unavailabil ity may be one of 
the key factors . The question seems to be just how deep in the water 
and into' the soil a duck will go to obtain tubers . During the fall the 
water levels are high . A duck would be required to dive through waters 
at J.e ast. 8 inches deep and then would have to penetrate the soil t o 
reach the tubers . Most of the water is much deeper than 8 inches during 
this time . Ducks could easily find food that is more readily available 
in t he fall than the sago pondweed tubers. 
That tubers are relished by ducks, both divers and pond ducks, is 
not questioned. Several handfuls of tubers were collected and fed to 
exp:lrimental birds at the research station and were i:nmediately devoured, 
though these birds had previously been f ed solely on grain 0 
It is no t unusual t o see a large flock of ducks gathered aroUnd a 
group of feeding swans in the late fall. Mallards, pintails , teal, 
shovellers and widgeons have been observed mingled among the swans . 
Apparently these ducks wait to pick up the tubers and other food items 
87 
that the swans dig up but fail to eat (Sherwood, 1960). 
In ]a te September, after farm irrigation has c eased, wate r is avail-
able for filling the units of the refuge . Once the units are full some 
of the spill boxes are opened and many of the mud f lats outside of the 
units are flooded. As the flats become covered with water, the birds 
move out of the units and feed on the flats. They stay on the flats 
most of the day, occasionally coming back to the units in the mid-morn-
ing and early afternoon. This pattern continues from late September 
into November . This occurrence is also verified by comparing hunting 
success inside and outoide the units during this time of year . These 
flats contain no sago pondweed, but support growths of Salicornia and 
perhaps other plants, which the birds apparently prefer. 
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CONCLUSIONS AND RECOMMENDATIONS 
The f ollowing conclusions and recommendations are mainly concerned 
with f urther r e search needs on sago pondweed and waterfowl food habits 
on the Bear River Migratory Bird Refuge. 
1. The present pro~ction of sago pondweed i s in exce ss of that 
being used by pre sent wate rfowl populati ons . The sago pondweed produced 
during t he summer may be of value to resident birds but because it is 
relatively unavailable during fall migrations, its value to the fall 
waterfowl populations is quest~oned. If this is the case, it may be 
advantageous, where available water, material and equipment make it 
feasible, to create more nesting habitat or develop areas for the growth 
of other food plant species. This, of course, would be conditioned on 
the managem:mt objectives of the marsh and to what extent the open water 
areas are of value in attracting and holding large numbers of migrant 
waterfowl. 
2. A ccmplete food-habit study should be made on the waterfowl of 
the refuge. Special emphasis should be placed on spring and summel food 
habits, as well as those in the fall, to determine the value of sago pond-
weed as a waterfowl food in this area. 
3 . Water fo wI distribution and daily movement patterns should be 
studied to d et ennine feeding and other Cj.cti vi ties which act ually occur 
..... ri thin the units during the entire year. 
4. Research is needed on the water levels that shoul d be maintained 
during the f all to attract birds and permit maximum utilization of foods. 
Perhq.ps lower water I evels may make sago pondweed tupers and seed more 
readily accessible to the fall' populations of waterfowl. 
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5. A compJe te study 0 f the ecological development or n,fe history 
of sago pondweed is needed to understa.nd the relatiop.ships petween the 
plant and management practices designed to produce maximum yields . 
SUMMARY 
To determine the production of sago pondweed and the effects of 
var i ous physica l and chemical factors on this plant, 30 transects were 
established on the open water units of the Bear River Migratory Bird 
Refuge . Each transect consisted of 15 checkpoints, which marked the 
sampling sites . Samples we r e collected periodically at each of these 
sites throughout 1963 . 
Wat er salinity in the units increased as the summer progresse~. 
The highest re ading obtained during the summer was 11,000 parts per 
mil lion of sol uble salts . 
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Water depths decreased during the summer. These depths varied among 
units . Units II and IV contained water throughout t he summer, whil e 
Units I , III, and V had little or no water at the end of the season . 
Water temperatures fluctuated during the year . The high reading 
was 300 while the low was 190 centigrade . Temperat ures changed almost 
daily because of various climatic conditions . 
Soil salinities at t he 2-, 4- and 6-inch soil levels increased as 
the summer progressed. The i ncreased water salinity seemed to also 
increase the salinity in the upper inches of soil in the late summer . 
Salinity readings taken at the 8-, 10- and 12-in h soil depths did not 
change noticeably throughout the year . The high readIng of 19,011 
p .p . m. was taken during the late summer at the 12-inch soi 1 dept,h. Th€" 
average soil salinities for each tmit were between 6,000 and 7,500 
p .p.m. 
Soils were classified as four !:'ypes; silt, clay l oam, clay and sand . 
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The upper 4 inches of soil Were usually 5ilt~ the 6= to 10-':'nch depths 
clay loam and l2-inch and deeper depths usually consisted of clay . 
A total production of 3,049 tons of tubers were grown on the refuge 
during 1963 .. 
The bulk of the tubers are fOUJJ.d between the 4- and 8-inch soil 
depths . 
Tuber growth and development did not seem to be affected by the-
present soil or water salinities , water depths or water temperatures . 
Soil types seemed to be the regulating factor on tuber numbers . Silt 
and clay loam seemed to be the most productive o Heavy clays inhibited 
the growth of sago pondweed tubers . 
A total of 43,647 tons (wet we i ght) of sago pondweed vegetation 
were produced on the refuge during 1963 . Unit V was the most productive, 
producing 7,226 pounds per acre . 
Vegetation growth did not seem to be affected by soil salinities or 
water temperatures. Water depths from 12 to 27 inches produced the most 
vegetation. Water salinities ;from 840 to 1899 p.p .m. produced the best 
growth. Soil types seemed to influence the growth of vegetation. As 
With tuber production, silt and clay loam produced the most growth . 
Heavy clays supported little or no sago pondweed . 
A total of 1,171.5 tons of seed were produced during the summer of 
1963 . Unit V was the most productive, produoing 267 pounds of seed per acre u 
Soil salinities and water temperatures had no noticeable affect on 
the seedheaq. production . Seedhead production was closely correlaLed with 
vegetative growth . Areas of heavy vegetative growth usually produced 
good seedhead growth. Water depths f rom 12 to 27 inches and water sal-
inities from 840 to 1899 p.p.m. produced the greatest number of 8eed~ 
heads . 
Sixteen 50 x 50 feet square enclosures were used in the waterfo11 
u.tilization Y hase of Uis sLud" . Nat.erloiH ,;8r .. ' pial; ;c', ~ liLli.e edt: losures 
~::Gl'iodicall~i t.hroughou t tht:;) S~' ... m;l' . Collec· tj0I1[; of -tllJ',:;r;" 1jF';,7~ t.? t ion 
aLd seedhea(ts were taken b8fo~'e, dLtri.no:; and aft,:)!.' l!af.,;rf'YNl ('ad b...,en "012C'3d 
ir .. tb.e enc los~.ttes . 
The st.udy indicated no measurab1e use was made of the tubers by the 
vlaterfcwl in the enclosures . TLe l2-j nch deep water t.h2_t --' .. flat ned in tLa 
enclosures throughout the SUrlIne mJ.y have pn3vented the :::i1'ds from 1'8aCL-
ing the tuodrs . 
The b i1'd5 in Lhe enclosures lid no t consume enough Jeg6tation te 
sheVi in th 8 sample s t aksn • 
Seedheads were readily eaten by the wG.terfowl in th8 snclosures during 
J'Jly and Augus t . 
Tuber samples taken in the early spring and late fallon the refuge 
indicated a decrease in the number 0 f tubers at the 2- and 4-ino1"1 soil 
depths in the fall . This decrease may be t he result of waterfovrl '.1.se . 
Analyses 0 f gizz ards c ellected in the fa11 indicated tl:'!3.t 8a:"0 ';)on~-~ 
weed make up only a bout 6 percen-L of the waterfowls I diet . 
It is tbe opinion of the author that the presen-::' saQ'o pond'Ne8d crop 
serves mainly as food for the resident birds during 'che spring and SUTIuner ll 
Much of the plant is n:::>t available during the time of peak waterfowl 
migrations in the fall and does not constitute a substantIal portion of 
their fall diet 0 More work on fooo. habits will be ne:;edod to 8110""- the 
i.mportmce 0 f sago pl.1ndwesd in the diet of the bir:ls ~ 
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APPENDIX 
Appehdix . Ana1y~i8 of variance table for soil salinity data at the 2 
Table]. inch soil depths for the spring and fall of 1963. 
Source of Degrees of Mean F test 
variation freedom square values 
Between comparisons 
.5 115318.62 .54.12* 
2 "depth (spring vs fall) 1 14-88236036 69.85* 
4- It depth (spring vs fall) 1 624-8.54-.)4- 29.33* 
6 " depth (spring vs fall) 1 88836.36 4-.16* 
8 • depth (spring va fall) 1 721.27 .OJ 
10 It depth (spring VB fall) 1 9618.18 .4-.5 
12 II depth (spring VB fall) 1 .59072.72 2.77 
Error· 300 21304.)4 
, . S~g~~fiq~nt~~ the S. percent level .. 
F Test table values: (.5,300) (00.5) = 2.21 
(Snedecor, 1961) (1,300) (.05) = 3.84-
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Appendix 
Table 20 
Analysis of variance table for tuper data collected on the 
Bear River Migratory Bird Refuge. 
Source of 
variation 
Between treatments 
Linear 
Quadratic 
Cubic 
Quartic 
Quintic 
Error 
* Significant at the 
F Test table values: 
(Snedecor, 1961) 
Degrees of 
freedom 
5 
1 
1 
1 
1 
1 
300 
5 percent 
(5,300) 
(1,300) 
(1,300) 
level 
(.OS) == 2.21 
(.01) == 6.63 
(.05) == 3.e4 
Mean F test 
square values 
1040.66 264.12* 
337.12 85.56* 
62S.48 lse.7S* 
67.71 17.H~* 
3.29 .e3 
9.61 2.43 
3.94 
98 
:Allpen~;I;x' ~ Average number of tubers at each 2-inch soil depth on the 
-.!fable .3. Bear River Migratory Bir d Refuge 0 
Soil depth Number of tubers 
(inches) 
Z .41 
4 .69 
6 .~o 
~ .5~ 
10 .36 
12 .14 
'~pendb. 
'Table 4 .. 
Analysis 01· variance table for datq. comparing number of 
tubers at e~ch 2-inch soil depth in the spring and fall 
of 1963. 
SO\ll'ce of Degrees of Mean F test 
variation freedom square values 
Betwee~ comparisons 5 140014 )6.56* 
2 inch (spring vs fall) 1 e.90 2.25 
4 inch (spring vs fall) 1 4.54 1015 
6 inch (spring vs fall) 1 122.90 31e19* 
e inch (spring vs fall) 1 196.90 49,,74* 
10 inch (spring vs fall) 1 276 • .54 70.H:~* 
12 inch (spring vs fall) 1 I.j.O .. 90 101))8* 
Error )00 )~94 
iii Significant at the 5 percent level 
F Test table values: (5,300) (.05) = 2.21 
(Snedecor, 1961) q .,,JOO) (.05) = ).54 
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Appendix Measurements taken to determine water content by weight of 
Table 5. sago pondweed vegetation. 
Unit and Number of Wet Dry Percent 
'rransect observations weight weight water 
(grams) (grams) 
I 
E 12 1325.2 134.9 90.+8 
F 15 1980.4 195.6 89,88 
II 
A 15 2116.0 205.8 89.72 
F 15 1590.2 158.6 89 .98 
III 
A 15 1991.4 199.6 90.03 
1:)1 
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T8(·l e 6. 
Average dry weight of vegetation per square foot sample 
measured according to wat er salini t y. 
Hater salinity in p.p.m. Sample size Vegetation in grams 
840-1899 1970 9.55 
1900-2959 160 4.35 
2960-4019 50 5.96 
4020-5079 20 3.48 
5080-6139 10 1.92 
6140~7199 20 2.46 
7200-8250 20 .00 
Appendix 
Table 7. 
Average dry weight of vegetation per square foot sample 
measured according to water depth. 
~va ter depth in inches 
0-3 
4- 6 
7-9 
10-12 
13-15 
16-18 
19- 21 
22-24 
25- 27 
Sample size 
10 
80 
255 
535 
285 
335 
300 
295 
115 
Vegetation in grams 
000 
.25 
5.79 
8.10 
10.32 
10.68 
10.79 
9.34 
10.77 
102 
103 
Appendix 
Table 8. 
Average number of seedheads per 2 square foot sample measured 
according to salinity. 
Water salinity in pop.m. 
840-1899 
1900-2959 
2960-4019 
4020-5079 
5080-6139 
6140-7199 
7200-e250 
Sample size 
1746 
666 
204 
48 
24 
6 
6 
Number of seedheads 
21.09 
11.59 
4.75 
6.83 
.e3 
.00 
.00 
Appendix Average number of seedheads per 2 square foot sample measured 
Table 9. according to water depth. 
Water depth in in~hes 
0-3 
4-6 
7-9 
10- 12 
13- 15 
16-1e 
19-21 
22-24 
25- 27 
Sample size 
72 
354 
636 
366 
396 
342 
246 
240 
48 
Number of seedheads 
5.25 
5.69 
12.06 
13.41 
20 . 68 
28 . 37 
20.80 
27 045 
27 . 26 
Appendix 
Table 10. 
Series 
1 
2 
3 
Control 
Appendix 
Table li •. 
Soil 
depth 
2 inch 
4 inch 
6 inch 
8 inch 
10 inch 
12 inch 
Average number of tubers per 12 square inch sample in enclo-
sures before and after waterfowl use. 
Before waterfowl use After waterfowl u,se 
(May) (September) 
42.8 38.9 
38.5 36.7 
39.3 35.9 
37.9 38.3 
Number and weight of tubers in the enclosures by soil depths 
before and after waterfowl use. 
Number of Weight of 
tubers per tubers per 
enclosure enclosure (pounds) 
i iJ 
Before After Before After 
163,200 170,700 57.4 60.1 
259,200 277,500 91.2 97.6 
238,200 255,500 83.8 89.9 
214,200 197,400 75.4· 69.5 
174,600 1.37,700 61.5 48.5 
128,100 100,500 45.0 35.4 
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Appendix Analysis of var iance table for data comparing over-all number 
Table ~2 .  of tubers before and after water fowl use • 
. i 
Source of Degrees of 
variation freedom 
Between comparisons 7 
Series 1 (May vs Sept) 1 
Series 2 (May vs Sept) 1 
Series 3 (May vs Sept) 1 
Control (May vs Sept) 1 
Series 1,2,3 (May vs Sept) 1 
error 
* Signif icant at the 
** Significant at the 
F Tes t table values: 
(Snedecor, 1961) 
312 
5 per cent level 
1 per cent level 
(7,312) (.01) = 2. 64 
(1,312) (.01) = 6. 63 
(1 , 312) (.05) = 3.84 
Mean F test 
square val ues 
169088 2.96** 
316.11 5.51* 
58.32 1.01 
231.20 4.03* 
2.61 .04 
554.96 9.58** 
570 29 
105 
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Appendix Analysis of variance table for data comparing number of tubers 
Table 13 . at the 2 lnch soil dppth b8fore and after 1.rat.err )wl useo 
Source of Degrees of Mean F test 
variation freedom square values 
Between comparisons 7 47 02 1.23 
Series 1 (May vs Sept ) 1 98 07 2. 5t) 
Series 2 (May vs Sept ) 1 504 014 
Series 3 (May vs Sept) 1 27 .. 6 . 72 
Control (May vs Sept) 1 9.1 . 24 
1,2,3 & Control (May vs Sept) 1 9.4 . 24 
Error 312 38.2 
F Test table values: (7,312) (.01) = 2.64 
(Snedecor, 1961) (1,312) (.01) = 6.63 
Apper.G.ix 
Table 14. 
Analysis of variance table for data comparing number of t uber s 
at the 4 inch soil depth befQre and after waterfowl use. 
Source of Degrees of Mean F t est 
variation freedom square values 
Between comparisons 7 28.2 1.60 
Series 1 (May vs Sept ) 1 3.9 .22 
Seri es 2 (May vs Sept ) 1 40 00 2.27 
Series 3 (May vs Sept) 1 4. 5 . 25 
Contr ol (May vs Sept) 1 1800 1.02 
1, 2, 3 & Cont rol (May vs Sept) 1 804 .. 47 
Err or 312 17 . 6 
F Test table values: (7,312) (001) :::: 2. 64 
(Snedecor, 1961 ) (1,312) ( .. 01) :::: 6.63 
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Appendix. Analysis of variance table for data comparing number of' tubers 
Table 15. at the 6 inch soil depth bei'ore and after waterfowl use. 
: 
Sou.rce of 
variation 
Degrees 01' 
1'reedom 
Between comparisons 7 
Series 1 (May vs Sept) 1 
Series 2 (May vs Sept) 1 
Series 3 (May v~ Sept) 1 
Control (May VB Sept) 1 
1?2t3 & Control (May vs Sept) 1 
Error 312 
* ~ignificant at the 5 percent level 
F Test table values: (7t)12) (.01) = 2.64 
(Snedecor, 1961) (1,312) (.01) = 6.63 
(1,312) (.05) = J.B4 
Mean F test 
square values 
2105 1$43 
14.9 Q99 
96.2 . 6.41 * 
.6 .04 
h.] 042 
,).606 1.10 
15.0 
.A,pperlcitx·· Analysis of variance table for data comparing number of tubers 
Table 'J,6.. at the 8 inch soil depth before and after waterfowl use. 
Source of Degree~ of Mean F test 
variation freedom square values 
Between comparisons 7 21.6 l.e8 
Series 1 (May vs Sept) 1 31.7 2.7e 
Series 2 (May vs Sept) 1 8.1 .71 
Series 3 (May VB Sept) 1 13.6 1018 
Control (May VB Sept) 1 7.4 .64 
1,2,3 & Control (May VB Sept) 1 190,5 1017 
Error 312 11.4 
F Test table values: (7,312) (.01) ~i2.64 
(Snedecor, 1961> (1,312) (.01) = 0063 
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Appendix 
Table 17. 
Analysi s of variance tab le for data comparing humber of tubers 
at the 10 inch soil depth before anq aft er wat erfowl use. 
Source of Degrees of 
variation freedom 
Between compari sons 7 
Series 1 (May vs Sept ) 1 
Series 2 (May vs Sept) 1 
Series 3 (May vs Sept) 1 
Control (May vs Sept) 1 
1,2, 3 & Control (May vs Sept) 1 
Error 
* Significant at the 
** Significant at the 
f Test table values: 
(Snedecor, ly61) 
312 
5 percent level 
1 percent level 
(7.312) (.01) = 2.64 
(1,312) (.01) = 6.63 
(1,;12) (.05) = 3.84 
Mean F test 
square values 
2.5 . 0 2. e7** 
19.5 2.24 
4.5.1 5.1e* 
14.5 1066 
32.0 3.67 
110.5 12.70** 
e.? 
Appe~·,· 
Table i1r~' 
Analysis of variance table for data comparing number of tubers 
at the 12 inch soil depth before and after waterfowl useo 
Source of 
variation 
Degrees of 
freedom 
Between compar i sons 7 
Series 1 (May vs Sept) 1 
Series 2 (May vs Sept) 1 
Series 3 (May vs Sept) 1 
Control (May vs Sept) 1 
1,2. 3 & Control (May vs Sept) 1 
Error 312 
* Significant at the 
** Signi f icant at the 
F Test table values: 
(Snedecor , 1961) 
5 percent level 
1 percent l evel 
(7, 312) (.01) = 2.64 
(1,312) (.01) = 6. 63 
(1,)12) (.05) = 3.84 
Mean F test 
square val ues 
17 .1 2.89** 
1. 75 029 
50.41 8 • .54** 
5 .. 00 .84 
27 . 59 4.67* 
60.37 10 . 23** 
5$9 
~ 
i09 
AppencL.x 
Table 19. 
Analysis of variance table for data comparing vegetation 
production before, during and after waterfowl use. 
Source of 
variation 
Degrees of 
freedom 
Between comparisons 
Series 1 (July vs Aug) 
Series 1 (July vs Sept) 
Series 1 (Aug vs Sept) 
Series 2 (July vs Aug) 
Series 2 (July vs Sept) 
Series 2 (Aug vs Sept) 
~eries 3 (July vs. Aug) 
Series 3 (July vs Sept) 
Series 3 (Aug vs Sept) 
Control (July vs Aug) 
Coptrol (July vs Sept) 
Control (Aug vs Sept) 
~,2. & 3 (July vs Aug) 
1,2, & 3 (July vs Sept) 
1,2, & 3 (Aug vs Sept) 
Error 
11 
4613 
* Significant at 'the j percent level 
** Significant at the 1 percent level 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 L 
I :, 
1 
1 
1 
1 
F Test table values: (11,4613) (.01) = 2.25 
(Snedecor, 1961 ) (1, 4613) (.O~) = 6.63 
(1, 4613) (.05) = 3.134 
Mean 
square 
2863600 .0 
724740.0 
6016201.4 
2564731.13 
361352.8 
304166.4 
5527613.0 
5799645.0 
13542552.0 
265190.4 
7970313.3 
99613750 oJ 
111661.7 
3471705.6 
27135440.0 
12476629.0 
913706.6 
F test 
values 
29.01** 
7. 34** 
60.95** 
25.913** 
.37 
3.08 
* 5. 6°** 
58.75** 
136.54 
2.613 
80.74** 
100.93** 
1.12 
35.10** 
2e.31** 
126.01** 
Significance indicates an increase in vegetation in the enclosures . 
110 
Appendix" 
Table 20 .. 
Analysis of variance table for data comparing the number of 
seedheads before, during and after waterfowl use. 
Source of Degrees of Mean F test 
vari.ation freedom square values 
Between comparisons 11 89428 .7 160 .. 90** 
Series 1 (July Vg Aug) 1 1571.7 2.82 
Senies 1 (July vs Sept) 1 1519.6 2.73 
Series 1 (Aug vs Sept) 1 .4 .00001 
Series 2 (July vs Aug) 1 1930q6.8 347.21** 
Series 2 (July vs Sept) 1 211226.7 380.03** 
Series 2 (Aug vs Sept) 1 410.8 .74 
Series 3 (July vs Aug) 1 3699.2 6.72** 
Series 3 (July vs Sept) 1 177755.5 319.81** 
Series 3 (Aug vs Sept) 1 130169.1 234.22** 
Control (July vs Aug) 1 4062.9 7.31** 
Control (July vs Sept) 1 10678.8 19.21** 
Control (Aug vs Sept) 1 1568.0 2.82 
Error 468 555.8 
**Significant at the 1 percent level 
F Test table values: (11,468) ( . 01) = 2025 
(Snedecor, 1961) (1,468) (.01) = 6.63 
